Recent results from CLEO on the search for CP violation in beauty and charm meson decays are reviewed.
CP violation (CP V ) was first observed nearly 40 years ago in the form of mixing-induced CP V in neutral kaon decays [1] . With the the recent confirmation of the observation of direct CP violation in neutral kaon decays [2] , only CP V due to the interference between mixing and decay remains to be observed. With the advent of the asymmetric B-factories, this phenomenon may soon be observed with a measurement of sin 2β [3] [4] [5] . The latter measurement has the advantage of a nearly unambiguous interpretation in terms of the description of weak decays in the standard model (SM) .
CLEO has performed a number of searches for CP V in beauty and charm meson decays. By and large the asymmetries expected in the SM are significantly smaller than the experimental precision so the results are primarily searches for physics beyond the SM.
The CLEO results for B mesons are based upon 9.7 × 10 6 BB pairs collected at the Υ(4S) resonance with the CLEOII (3.3 × 10 6 BB ) and CLEOII.V (6.4 × 10 6 BB ) detector configurations at the CESR symmetric e + e − colllider. The search for mixing and CP V in neutral charm meson decays utilizes 9.0 fb −1 of e + e − collisions at √ s ≈ 10.6 GeV accumulated with the CLEOII.V configuration. The inner wire chamber and 3.5 cm radius beampipe of CLEOII [6] were replaced by a 2.0 cm radius beampipe and a three-layer, double-sided silicon vertex detector (SVX) to create CLEOII.V [7] . In addition the argon:ethane gas mixture in the main drift chamber was replaced by a helium:propane mixture. The resulting improvements in momentum and specific ionization (dE/dx) resolution permitted better separation * Now at Brookhaven National Laboratory, Upton, NY 11973 of high momentum (∼ 2.5 GeV/c) charged kaons and pions. The SVX also permits the measurement of the proper decay time of neutral charm mesons that is essential for the study of D 0 D 0 mixing phenomena.
In the B system, CLEO has searched for evidence of direct CP V through the measurements of rate asymmetries in charmless hadronic decays, radiative decays and in B ± → ψ (′) K ± decays. Almost all measurements rely on self-tagging decays with the charge of a K ± , π ± or K * ± identifying the B or B at decay. The branching fractions of a number of charmless hadronic decays observed by CLEO [8, 9] are shown in Table 1 In the SM charmless hadronic B meson decays occur through b → u ("tree") or b → s ("penguin") transitions. The relatively large rate of B → Kπ with respect to B → ππ indicates that the amplitudes for the tree (A T ) and penguin (A P ) contributions are comparable. Interference between the b → u and b → s processes make both the branching fractions (∝ |A P /A T | cos γ cos δ) and rate asymmetries (∝ |A P /A T | sin γ sin δ) sensitive to the weak mixing angle γ ≈ arg(−V * ub ). The non-CP V phase difference is δ and is frequently referred to as the "strong" phase. Based on the relative B → Kπ and B → ππ rates, we have |A P /A T | ∼ 1/4 while measurements of |V cb |, |V ub |, ∆m d , and ǫ K indicate that γ ∼ 90
• . Thus a large strong phase | sin δ| ∼ 1 could produce rate asymmetries of O(50%) that would be observable with the current CLEO data.
CLEO utilizes the unbinned maximum likelihood (ML) method to achieve maximum precision 
−2.9 ± 1.4 φK 
) to obtain the results [12] for the five decay modes shown in Figure 1 . All measured A CP are consistent with zero and with the prediction shown indicating that the strong phases are small for these decays. The precision of the measurements varies between 10% and 25% and is entirely dominated by statistics. Systematic checks show that no artificial asymmetries are introduced by either momentum or dE/dx measurements at less than 1% based on studies of kinematically identified K ± and π ± from D decays.
Radiative B meson decays, in contrast to the charmless hadronic decays, are dominated by b → sγ transitions in the SM. This situation is quantified by the good agreement between the measured inclusive rate B(b → sγ) [14] and the next-toleading order calculation [15] as shown in Table 2 . Despite this agreement it is possible that non-SM propagators could produce significant asymmetry O(40%) in both inclusive and exclusive radiative B decays [16] .
The search for CP V in B → K * γ decays utilizes the self-tagging
Only ∼ 60% of the B 0 → K * 0 γ candidates are amenable to self-tagging because the kinematic and dE/dx identification of K * 0 and K * 0 is ambiguous when |p K | ≈ |p π |. Suppression of backgrounds from e + e − → qqγ (initial state radiation) and e + e − → π 0 X is accomplished by requirements on the angle of the γ with respect to the e + e − collision axis | cos θ| < 0.71 and by vetoing γ consistent with a π 0 origin, respectively. Additional suppression of the jettybackground is achieved by requirements on the angle between the γ and the thrust axis [20] of the rest of the event excluding the B candidate. Asymmetries of A CP = −0.13 ± 0.17 and +0.38 ± 0.20 for the signal and −0.03 ± 0.08 and +0.06 ± 0.09 for the background for neutral and charged B → K * γ are determined from fits to the M (B) distributions of B and B candidates shown in Figure 2 . Assuming that CP V would be independent of the light spectator quark A CP (B → K * γ) = +0.08 ± 0.13 [+0.01 ± 0.06] for the signal [background] where the uncertainty Figure 1 . CLEO results [12] for the charge asymmetry for five charmless hadronic B meson decays. The prediction [13] assumes factorization, no soft final state interactions, ρ = 0.12 and η = 0.34. includes the systematic uncertainty of 2.5% [17] .
The techniques used to measure the inclusive b → sγ branching fraction [14, 21] have been adapted to measure A CP (b → sγ). The B flavor is determined either by detecting a charged lepton from the semileptonic decay of the other B or by self-tagging through the "pseudo-reconstruction" of X s (X s = K and ≤ 4π) with X s γ kinematically consistent with B → X s γ. The mistag rate for for lepton tagging is 0.112 due almost entirely to B 0 B 0 mixing while the mistag rate for the pseudo-reconstruction is either 0.082 or 0.122 depending on the amount and quality of the particle identification information available. The preliminary measured asymmetry for the lepton tag (pseudo-reconstruction) is A CP = +0.155 ± 0.147 ( A CP = −0.152 ± 0.112) where the uncertainty is statistical only. Studies revealed that asymmetries in lepton, K and π identification and reconstruction are < 1%. Multiplicative uncertainties due to continuum e + e − →and b → c background subtraction are ∼ 3%. The preliminary combined result with all corrections applied is A CP = (−0.063 ± 0.090 ± 0.022) × (1.00 ± 0.03) or −0.22 < A CP < +0.09 at 90% CL. This limit and the results for exclusive radiative decays exclude a significant fraction of the range allowed by non-SM processes but is still far from the O(1%) level predicted by the SM.
The final search for direct CP V is in B ± → ψ (′) K ± decays (ψ (′) stands for J/ψ and ψ(2S)) that proceed by b → ccs. The direct CP V asym- 5.4 ± 0.8 ± 0.5 metry for these decays is expected to be very small because the sub-dominant penguin process (b → scc) is suppressed and has nearly the same weak phase arg (V cb V * cs /V tb V * ts ) ≈ λ 2 η + π (λ = 0.22, η ≤ 1) as the dominant process. Non-SM effects could produce a noticeable asymmetry if there is an appreciable strong phase difference between the SM and non-SM amplitudes [22] . The quark process b → ccs is the same as that for the "golden mode" B 0 → J/ψK 0 S that is being used to measure sin 2β. An asymmetry in Figure 3 where σ(x) is the candidate-bycandidate uncertainty in x as calculated from the covariance matrices of the reconstructed charged tracks. A small correction of (+0.3 ± 0.3)% is applied to the measured asymmetry to take into account the different cross-sections of K + and K − in the CLEO detector material. The asymmetries A CP (J/ψK ± ) = (+1.8 ± 4.3 ± 0.4)% and A CP (ψ(2S)K ± ) = (+2.0 ± 9.1 ± 1.0)% are consistent with zero and are currently the most precise measurements of direct CP V in B meson decays [23] .
In contrast to B decays, the CLEOII.V SVX permits measurement of the proper time dependence of charm meson decays [24] and enables the search for CP V and D 0 D 0 mixing. 
in units of the D 0 lifetime where R D is the doublyCabibbo suppressed (DCS) rate, y ′ ≡ x sin δ − y cos δ, x ′ ≡ x cos δ + y sin δ, and δ is a possible strong phase between the DCS and mixing amplitudes. The observation of a significant quadratic dependence in the proper time dependence of the WS rate would be an indication of mixing through x ′ or y ′ while a linear dependence would indicate mixing through y ′ . The WS rate is determined from a binned ML fit to the distribution of WS candidates in the 
and δ → δ ±φ where +(−) corresponds to D 0 (D 0 ) for direct CP V , mixing-induced CP V and CP V due to the interference between mixing and decay, respectively. The fit prefers y ′ < 0 (destructive interference) but the mixing parameters y ′ and x ′ as well as the three CP violating parameters are all consistent with zero at 95% CL ( The systematic uncertainty from the background shape uncertainty is estimated to be 0.69% and the uncertainty due to π ± slow selection is taken as 0.48%.
In summary no evidence for CP V has been observed by CLEO in beauty and charm meson decays with a precision of 4%-25% (beauty) and 2-3% (charm) which is dominated by the statistical uncertainty. Integrated luminosities approximately 100 times that accumulated by CLEO will be needed to attain a statistical precision comparable to the magnitude of direct CP V expected in the SM for beauty and charm decay of O(1%) and O(0.1%), respectively. The promising turn-on of the B-factories [4, 5] indicates that such data samples may be accumulated in approximately five years or less. Such measurements will then need to confront the potentially difficult task of measuring sub-percent detector-and reconstructioninduced asymmetries.
I would like to thank the conference organizers for an enjoyable and informative meeting in beautiful Ferrara. Thanks also to Jesse Ernst for comments on this contribution. Table 3 The 
